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EFFECTS OF A TUNDRA FIRE ON SOILS
AND PLANT COMMUNITIES ALONG A HILLSLOPE
IN THE SEWARD PENINSULA, ALASKA

Charles Racine

INTRODUCTION sedge tussock-shrub tundra communities The

only long-term climatic data available for this

Although generalizations about the distur- area come from stations at Nome and Kotzebue,

bance and recovery of arctic tundra vegetation which have maritime conditions in contrast to

and ecosystems have been made (Johnson and the more continental climate in the Seward in-

Van Cleve 1976, Webber and Ives 1978), it is ap- terior around Imuruk Lake. Hopkins and Siga-

parent that the responses to a disturbance vary foos (1951) characterize the climate around Imu-

drastically among different ecosystems and dif- ruk Lake as rigorous and continental, with a

ferent areas. This study describes and compares mean annual temperature of -6 71C and a mean

the effects of fire on soils and permafrost, and annual precipitation of around 21 cm, of which

describes post-fire revegetation patterns of arc- approximately 25% falls as snow More than

tic tundra communities on a hillslope in the 50% of the annual precipitation occurs during a

Seward Peninsula of northwestern Alaska. well-defined rainy season extending from July

Widespread lightning-caused tundra fires in through September. Subfreezing temperatures

July and August 1977 burned over one million predominate from early October to mid-May

acres in northwestern Alaska (Fig. 1). Studies to The July mean temperature is near 101C; how-

determine the effects of these fires on vegeta- ever, nocturnal frosts are common during all of

tion, soils and permafrost were initiated one year the surimer months. The treeline approaches to

later in July 1978 at Imuruk Lake in the Seward within 25 km of Imuruk Lake.

Peninsula (Racine and Racine 1979, Racine The most intensive studies were carried out at

1979). Permanent plots were established and nine sites along a topographic transect, running

sampled during the summers of 1978 and 1979. from the bottom (320 m) to the crest (440 m) of

This report describes the results of monitoring Nimrod Hill, which borders the east side of Im-

post-fire changes in thaw depths and plant spe- uruk Lake (Fig. 2 and 3). This area was chosen be-

cies composition and cover in the Seward Penin- cause of pre-fire studies of soils and vegetation

sula during the 1978 and 1979 growing seasons. carried out along this same transect in 1973 by

A similar study of tundra fire effects by Hall et Holowaychuk and Smeck (1979) and Racine and

al. (1978) was initiated immediately following Anderson (1979). These studies provided a pre-

the fire in August 1977 at the Kokolik River fire control as well as a basis for evaluating the

(69-30'N, 161050'W) near the boundary of the effectsof the1977 tundra fire.

Arctic Coastal Plain and the Northern Foothills Nimrod Hill (Fig. 2) is located within the lava

(Fig. 1). plateau physiographic region of the Seward Pen-
insula (Hopkins 1963) The most conspicuous

relief features here are isolated hills with broad,

STUDY AREA dome-shaped summits and smooth slopes which
are rarely steeper than 18%. The transect begins

The Imuruk Lake area is located in the central on a Pleistocene terrace adjoining Imuruk Lake

Seward Peninsula (b5°35'N, 163 0 10'W, Fig 1) and extends northeast up the southwest side-

Ihe rolling, unglaciated landscape here supports slope and over the crest onto the northeast-

low arctic tundra ecosystems dominated by fa ing side of Nimrod Hill (Fig 3) The bedrock
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Figure 3. Scaled topographic profile of Nimrod Hill near
the east shore of Imuruk Lake. Location of nine study sites
shown together with topography, slope, drainage, soil
types (HPCq = Histic Pergelic Cryaquept; PCq = Pergelic
Cryaquept; PCf = Pergelic Cryofibrist), frost features
(c.p. = centered polygons) and plant community type

(B + E = Birch and ericaceous). Elevations range from 335
m (1100 ft) at site 1 up to 457 m (1500 ft).

of Nimrod Hill was shown by Hopkins (1963) to color of the mineral soil; a gray, gley-soil pre-
be quartz monzonite which was not buried dominates on poorly drained sites with a yellow-
under the plateau lavas. As depicted in Figure 3, ish mottling increasing in extent with improved
the transect profile is sigmoid in form, starting drainage above site 5, up to the level crest (Holo-
with a gentle gradient (1-9%) on the footslope, waychuk and Smeck 1979). The texture of the
then increasing in steepness on the convex back- soil mineral fraction also changes along the tran-
slope (12-15%) and rising to the broad, level sect from a coarse loam on the backslope to a
crest The flexure in slope curvature near site 5 silt clay loam on the colluvial footslope. Soil tax-
appears to coincide with a fault, identified by onomic units along the transect correspond with
Hopkins (1963), a short distance to the north. the soil moisture environments (Fig. 3): Histic

Shallow, weakly expressed, more or less paral- Pergelic Cryaquepts on the poorly drained foot-
lel drainageways occur at intervals of about 100 slope, Pergelic Cryaquepts on the moderately
to 150 m along the entire southwest-facing well drained backslope, and Pergelic Cryofibrists
slopes of Nimrod Hill (Fig. 2). Low (1-2 m) willow on the very poorly drained level upland.
shrub thickets occupy these drainageways. The A variety of cryogenetic featurus are evident
intervening interfluves are slightly convex, with along the transect (Fig. 2 and 3). Along the nearly
the sideslopes having a gradient of only a few level crest of Nimrod Hill, these features consist
percent. The transect is located approximately of low-centered polygons, 10 to 15 m across. On
along the axial crest of one of these interfluves. the upper portion of the backslope, elongate,

Soil moisture environments along the transect turf-banked, nonsorted frost boils are common.
range from moderately well-drained on the In the vicinity of site 7 these longitudinal fea-
southwest backslope (sites 6 and 7) to very poor- tures are up to 3 m in diameter and occupy 40%
ly drained on the level crest (site 8) of Nimrod of the area (Fig. 11). Although of considerable ex-
Hill (Fig 3). The footslope between sites 1 and 5 tent, these frost boils were not very active as of
and the northeast-facing backslope are poorly 1973, since patches of lichens and other vegeta-
drained At all sites along the transect, the soil tion covered most of the surface On the foot-
moisture environment is well expressed by the slope, between sites 5 and 1, equidimensional
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mud (Ir( l ,and some weakly expressed, METHODS
ben(hed sol lou tion torms represent the main
(ryogeneti( teatures these mud (ircles are lo study the effects of tundra fire on a range
usually less than I m in diameter, few in number of ecosystems, a series of permanent plots was
and cover less than 3% of the area In 197 1, their established at each of the nine sites dlong the
surfaces were covered with a thin mat of fine Nimrod Hill transect in luly 1978 (Fig 3) The
moss. Along with these mud circles, high- transect and sites were located as close as pos-
centered polygons occupy the level base of the sible to their 1973 positions for comparative pur-
footslope and terrace at site 1 (Fig. 2). poses. At each of the nine slope positions, two

Corresponding with the above-described stakes were placed 10 m apart, perpendicular to
changes in topography, soil moisture environ- the contours, and a meter tape stretched be-
ments, soil types and cryogenetic features are tween them. Then 10 sample plots, with dimen-
changes in the plant communities along Nimrod sions of 1 m X 1 m, were positioned between the
Hill (Fig. 3). These were quantitatively sampled stakes using the tape as one side In each of the
and described before the fire in 1973 and are the 90 sample plots on 14-17 July 1978 and 25-29
basis for the following descriptions; more de- July 1979, all living plant species were recorded,
tailed information on pre-fire communities are an estimate of percent cover made, and the
provided in the Results section (cf. Fig. 4). No- number of leafy live shoots or stems counted for
menclature for plant community names follows each species. Thaw depths were determined by
Viereck and Dyrness (1980). probing the center of each 1-m x 1-m plot while

The footslope from site 1 to site 5 is occupied soil pits were dug nearby to determine the thick-
y sedge tussock-shrub tundra dominated by cot- ness of the organic horizon. A comparison of the
tongrass tussocks (Eriophorum vaginatum); dwarf organic layer thickness before (1973) and after
shrubs such as Labrador tea (Ledum palustre), the fire was used to evaluate the severity of
dwarf birch (Betula nana), cloudberry (Rubus burning using the following rating system devel-
chamaemorus), lingonberry (Vaccinium vitis- oped by Viereck et al. (1979):
idaea), blueberry (V. uliginosum) and crowberry 1. Heavily burned-soil organic mate-
(Empetrum nigrum); the mosses Sphagnum spp., rial completely or nearly consumed to
Dicranum elongatum, Hypnum pratense and mineral soil, no discernible plant parts
Aulocomium palustre; and lichen species, remaining.
Cladonia gracilis, C. rangiferina, Cetraria cucul- 2. Moderately burned-organic layer
lata, C.islandica and Peltigera aphthosa. partially consumed, parts of woody

Above this sedge tussock-shrub community is twigs remaining.
a birch and ericaceous shrub tundra community 3. Lightly burned-plants charred but
on the better-drained backslope (sites 6 and 7). original form of mosses and twigs vis-
This community is composed of the same dwarf ible.
shrub species as found in the tussock-shrub 4. Scorched-moss or other plants
community (with the exception of cloudberry). brown or yellow but species usually
Carex bigelowii replaces cottongrass tussocks identifiable.
here and lichens are more important than 5. Unburned-plant parts green and
mosses. The composition of this community unchanged.
changes slightly on the tops of the elongate frost The patterns of recovery observed at Imuruk
boils. Lake were compared with other observations

On the level crest of Nimrod Hill (site 8) a and permanent plots established near Utica
sedge-shrub tundra community includes sedges Creek on the same 1977 burn, on a different burn
of the species Carex aquatilis and Eriophorum near the Arctic River, and on an older 1971 tun-
scheuchzeri, as well as cloudberry, dwarf birch, dra fire site about 100 km north of Nome (Fig. 1).
Labrador tea, and lingonberry; Sphagnum moss For each site, thaw depths, cover, and density

is more important here than in the other com- values for each species in the 10 sample plots
munities along the slope. On the northeast- were averaged. Where plots were on frost fea-
facing backslope of Nimrod Hill (site 9), just tures, such as mud circles or frost boils, values
below the crest, there is a sedge-shrub tundra for these plots were computed separately. Stand-
community similar to that on the crest except ard deviations were also obtained for the mean
that sedges are less abundant and moss cover values. Paired t-tests (Ostle 1963), comparing
more conspicuous. All of the above ecosystems 1978 and 1979 values for each plot, were used to
burned during the 1977 tundra fire. determine significant changes in species cover,

4
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figure 4. Contributions of different plants to total ground cover (v~hole circle
1)0)%) before the tundra fire on Nimrod Hill in July 1973 (left sidel, one year after the
fire in July 1978 (center), and two years after the fire in luly 1979 (right side). Shown
for three communities at the top (a), middle (bj and bottom (ci of Nimrod Hill. (B =

Brvophyte, C = Graminoid, DS = Dwarf shrub, M = Mineral soil.)

density and thaw depths. Since cover values for pre-fire organic horizon, 25-30 cm thick (27.9 ±
all species were very low following the fire, 5.3 cm; n=18), overlying frozen colluvial miner-
shoot density values were generally considered al silt clay loam. The measurement of organic

more sensitive indicators of change. horizon thickness in 1978, one year after the fire
in the tussock-shrub tundra, suggested removal
of only 5 cm or less of this organic horizon and a

RESULTS light severity of burning Mud circles 05 to 2 m
in diameter are common and in 1973 were usual-

Sedge tussock-shrub tundra ly occupied by groups of vigorous cottongrass
(sites 1, 2, 3, 4, 5) tussocks with a thin moss cover over the

intertussock mineral soil. This moss mat was
Soils completely removed by the 1977 fire.

On the footslope of Nimrod Hill, the poorly Mid-July thaw depths in tussock-shrub tundra
drained soils on a slope of 2 to 9% included a did not appear to be significantly greater one
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year after the fire (28.5 cm) than before the fire Post-fire (ontributions to cover and shoot den-
(27.6 cm) at site 2 (Table 1). However, from 1978 sity varied among several species which gener

to 1979 thaw depths increased significantly at all ily were important in the tussoc k-shrub ( oni-

five tussock-shrub tundra sites: by 30-45% in munity before the fire (1able i) and (olonu/ers

non-mud-circle areas, and by 12-20% on mud not seen at these sites before the fire lhese (ol-

circles (Table 1). There is evidence obtained by onizers included bluejoint grass (Calamagrostis

Schmitt (1979) to further support the idea that canadensis), fireweed (Ipilobium angustifoluml
this increase in thaw depths is due to fire effects and the bryophytes, Marchantia polymorpha,

rather than to yearly climatic fluctuations This Ceratodon purpureus and Polytrichum juniper-

evidence includes 1) measurements of thaw inum However, none of these (olonizers rear hed

depth in an area of unburned tussock-shrub tun- high cover values during the first or second years

dra near Nimrod Hill in July 1979 (28.9 ± 7.6 cm) following the fire. Of the giaminoid species, cot-

which were significantly less than on the nearby tongrass tussocks were clearly the most vigorous

burned tussock-shrub tundra (35.8-49.0 cm, resprouter Resprouting shoots of (arex

Table 1), 2) a bulldozed firebreak which had bigelowii and/or C. aquatilis were always present

been cut through tussock-shrub tundra during but scattered. Bluejoint grass formed small, lo-

the 1977 fire north of Imuruk Lake, where thaw calized colonies and made significant inc reases

depths were 40% deeper on the burned side in density from 1978 to 1979 at site i (Iable 3j

(53.3 ± 5.8 cm) than on the unburned side (38.0 Seedlings of both Carex bigelovii nd trio-

+ 5.8 cm). (In the bulldozed fireline, thaw depths phorum vaginatum were fairly abundant in Inter-

in July 1979 were 46.3 ± 5.6 cm.) In mid-July of tussock spaces during both 1978 and 1979, how-

both 1978 and 1979, the upper mineral soil hori- ever, two-year-old tillering seedlings of these

zons thawed at most tussock-shrub tundra sites species were found only octasionall i 1979

sampled. This condition was rare or unknown in suggesting low seedling survival from the first to

1973 (Holowaychuk and Smeck 1979) and is at- the second year following the fire

tributed to the cumulative effects of burning, Of the resprouting dwarf shrubs in Table ,, the

such as the reduction in the thickness of the species which showed the greatest inc rease in

organic mat. cover and/or density during the first two years
following the fire were, in order of importan(e

Vegetation cloudberry, Labrador tea, lingonberrv, blue-

Living plant cover was drastically reduced by berry, dwarf birch, willow and crowberrv (Table

the1977 fire; however, small patches of unburned 3). Cloudberry shoot density increased by an

or scorched vegetation were common, particu- average of 34 shootsim' (200%) between 1978

larly on the lower slope at sites 1, 2 and 3 (Table and 1979 at four of the five tussock-shrub tun-

2). One year later, in July 1978, about a 23% liv- dra sites. Labrador tea shoot density also in-
ing plant cover was reestablished in this com- creased significantly at four out of five sites by

munity (Table 2, Fig 4) This rapid recovery is an average of 49 shoots'm' (65%) Lingonberrv

mainly due to the resprouting of cottongrass tus- shoot density increased significantly at two out
socks within one year following the fire (Fig 4, 5 Of four sites from 43 shootsml to 126 shoots m'
and 7) Dwarf shrubs were slower to resprout, in 1979 at site 2 and from 26 shoots ni to 43
reaching cover values of only 3 to 7% in 1978 shoots,m 2 at site .. Significant increases in blue-

(Fig 4)Colonization of the intertussock spaces berry shoot density occurred only at the two

by brvophytes and graminoid seedlings also con- better-drained tussock-shrub tundra sites 4 and

tributed small amounts of living plant cover to 5

the first year recovery (Fig. 4). Resprouting dwarf birch occurred sporadi-

Between the first and second years following cally, usually at a frequency of less than 50%

the fire, total plant cover increased slightly by 8 However, during 1979 dNwarf bir(h resprouts ap-

to 10% at three of the five tussock-shrub tundra peared in plots w.here they were not present In

sites (Table 2, Fig. 4, 6 and 8) This increase was 1978, unlike the other dwarf shrub spe( it's whih h

mainly due to additional resprouting of dwarf had appeared in most plots during the tirst year

shrubs rather than cottongrass tussocks (Fig 4) following the tire Crowberrv did not appear in

During the second year there was also a small in- any plot following the tire, although it wNas ( on-

crease in bryophyte cover while sedge seedlings mon in the pre-fire tussc ( k -shrub tundra n 197

remained abundant No lichen recovery was ob- I he most striking visual hange in tusso(k-
served at any tussock-shrub tundra site al- shrub communities between 1978 and 1979 was
though small unburned patc hes were ( ommon the increased density of truit ing stalks of cotton-

at site 1 grass tussocks (Table 4, 1 ig 0 and 8) In 1978, ( ot-

6



Table I. Mean thaw depths (cm) in frost-scarred (mud circles, frost boils) and non-frost
scarred plots established at nine sites (three communities) along the topographic gradient
of Nimrod Hill before and after a 1977 tundra fire.

f7,!! LjI/9 / ih, HS 2 1 teIhr (/1 9) /9:1 - 'S9 - '10 11

it, %I , 'n s d. i ean1tl N hi. d" . 1,('I S t1 . de v. t r) I? in

Sedge Tussock-Shrub Tundra
Site I

Non-mud ii le ND 29.i n.7 38.2 8.0 NI) +8. 29 ND

Mud circle NI s.5 3.5 69.0 1.4 N) +11.5 20 NI)

Site 2
Non-mud circle 7.6 5.6, 28.5 4.7 41.2 5.8 +0.9 3 + 12.7 45 + I 3.6 49
Mud circle 4-.7 45.0 6.1 50.5 6.4 +0.s I 15.5; 12 +6.0 13

Site 3
Noun-mud circle ND 27.2 3.8 35.8 3.8 ND +8.6 32 ND
Mud circle N) 44.4 6.3 52.8 4.5 ND +8.4 19 NID

Site 4

Non-mud circle ND 32.4 6.1 44.8 5.5 NI) +12.4 38 ND

Site 5

Non-mud circle NI) 37.7 4.0 49.0 4.5 ND +11.3 30 ND

Birch and Ericaceous Shrub Tundra
Site 6

Non-frost boil 24.6 5.7 53.8 4.5 68.0 9.8 +29.2 119 +14.2 26 +43.4 81
[rost boil 43.2 9.9 65.0 Rock +21.8 50 Rock Rock

Site 7

Non-frost boil ND 60.0 Rock +35.4 114 Rock Rock

Frost boil ND Rock Rock Rock Rock Rock

Sedge-Shrub Tundra
Site 8
Non-Irost scar 23.5 2,9 31.1 2.9 42.6 1.9 +7.6 32 +11.5 37 +19.1 81

Site 9
Non-frost scar 21.9 3,7 25.9 2.9 37.5 4.6 +4.0 18 411.6 45 t-15.6 71

*For one to ten I -mx 1 -m plots at each site.

ND - No determination.

tongrass fruiting stalk density was about 2-6/mi ,  Hence, the severity of burning was heavy on the
but one year later in the same plots, densities frost boils and moderate to heavy in the sur-
had m(reased by ten times to 20-60im'. rounding area. Because of the absence of re-

sprouting tussocks, the exposed mineral soil sur-
Birch and ericaceous shrub tundra (sites 6 and 7) face on the frost boils (occupying up to 40% of

the area), and the blackened charred organic
Soils mat, this backslope area appeared to be the

In 197 ,. the steeper, moderately well-drained most severely burned part of the transect in 1978

backslope of Nimrod Hill was occupied by a (fig 2)
birch and ericaceous shrub tundra communit, Pre-tire thaw depths in mid-July 1973 on the
with well-vegetated, elongate, turf-banked frost bat kslope were about 24 6 ± 5 7 cm in the non-
boils I m to 2 m in diameter (cf F ig 11) Organ( frost-boil areas and 43 2 + 11 3 cm on the elon-
horizons were thin (0-5 cm) over these frost gate, turf-banked frost boils (Table I) In lulv
boils, but thicker (18-20 cm) in the surrounding 1978, thaw depths had increased by about 12 1%
uns(arred area One year after the 1977 fire, it (to 54 8 ± 7,0 cm) in the non-frost-boil areas and
wvas apparent that the fire had removed all of the by 50% (to 65 cm) in the exposed frost boils.
vegetation and soil organic matter from these however, rock was encountered before thaw
frost boils (Fig 11) In the surrounding birch and depth measurements could be made in many

eri( at colts shrub tundra, all of the aboveground plots. By July 1979. it was almost impossible to
vegetation and about 50% of the organics had obtain thaw depth measurements bet ause Of
burned, leaving an 8- to 10-cm organic horizon rock In addit ion, there was apparent subsider(e

7



Table 2. Cover values* for plant growth forms at eight sample sites along the

topographic gradient of Nimrod Hill in the Seward Peninsula, Alaska, before
and after a 1977 tulndra fire on this slope.

/'rr9 jr (193) 1 vr atthr (1/9 78) 2 1 r% ultefr (19 79) 1 )jf . lh~iccs /9'A S

P/at,! -,t sd ~ iv d.-C '-ore /J~,. a,) / 9,'9u) ad

alr'i1/ loml (;- ,jL. '/el.I. C]",) JeL. rr( I " , tc I

Sedge Tussock-Shrub Tundra
Site 2
Grarninoid 43.2 17. 18.7 2 21.5 10.8 2.8

Dwarf shrub 39.4 20.9 3.3 1.3 9.3 3.360'

Bryophyte 2.8 4.7 1.0 0.2 2.7 1.7 1.7.'l

Lichen 5.5 4.1 0.0 0.0 0.0

Total 90.9 23.3 32.2 .'
Site 3
(,rarnjnoid ND 21.1 17.7 21.4 20.5 0.3

Dwarf shirub ND 5.7 3.3 6.2 3.4 0.

Bryophyte ND 1.0 0.5 2.5 1.4 I"

Lichen ND 0.0 0.0 0.01

Itol ND 27.8 30.1 2. 3
Site 4
Gramnoid ND ?.7 6.0 10.1 6.9 18"

Dwarf shrub ND :.0 3.2 11.4 2.5 4.4'

lryophyte ND 1.8 2.6 5.2 5.83.
Lichen N D 0.0 0.0 0.0

Total N D 18.5 26.7 82

Site 5
Graniinoid ND 15.6 9.5 20.4 10.2 4.8"'

Dwarf shrub ND 4.0 2.7 8.3 3.4 4.3"
Bryophyte ND 0.1 0.6 0.5

Lichen ND 0.0 0.0 0.0

Total ND 19.6 28.79.

Birch and Ericaceous Shrub Tundra
Site 6
Graminoid 10.0 1.1 3.7 4.6 0.3 3.5"

Dwarf shrub 43.0 0.0 0.0 0.0

Bryophyte 3.0 12.2 25.5 51.7 8.5 3 9.5~
Lichen 14.0 0.0 0.0 0.0

Total 70.0 13.4 S6.743."
Site 7

Graminoid ND 4.0 6.0 14.2 19.6 10.2"'
Dwarf shrub ND 0.0 0.6 0.6

Bryophyte ND 6.8 5.2 38.1 28.9 31.3"'

Lichen ND 0.0 0.0 0.0

Total ND 12.1 54.9 42.8"'

Sedge-Shrub Tundra
Site 8

Graminoid 30.0 11.5 4.6 2.1 22.3 10.14 17.7"'
Dwarf shrub 17.2 10.1 2.0 3.5 5.0 1.4 3.0.05

Bryophyte 24.6 21.3 2.1 3.8 5.9 1.6 3.8"
Lichen 12.6 9.9 0.0 0.0 0.0

Total 84.4 8.7 33.2 2.1.5""

Site 9
Graminoid 13.2 11.8 1.0 1.5 0.5
Dwarf shrub 56.7 8.0 3.4 8.0 14.8 3. 1 1.4"

Bryophyte 14.1 10.3 0.0 2.6 2.3 2.6"'

Lichen 7.5 8.9 0.0 0.0 0.0

total 91.5 4.4 18.9 1.

*At each site cover was estimated in ten 1.niX 1-m permanent plots.
tt statistic for paired ttest Lompai ing 1978 and 1979 cover values with level of signif ictin~

indicated.

ND No determination.
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Table 3. Values for selected species sampled at four sedge tussock-shrub tundra sites on the footslope of Nimrod Hill in the Seward
Peninsula.

/ T/t'Orl{' vCover () /ensity (1/oo/t/m ) secdlits / It'l s I I
/97/1 19S /979 0Mt/. 197- 1978 /929 thiff. 197? 1978 /979 flit. 1971 /G7 1979 i/. /97/ 197S /921 L'i/.

Site 2***
I)s drt shrubs

; I oh li, -$ 10 10 0 0.9 1.6 4.1 2.6 NI) 50 163 1I13"'
I '/ I'o plU lrr" 10 10 10 0 9.1 1.2 1.4 2.2"' N D 59 90 31"'1
Jiot tli' olioio 10 I I 0 9.8 0.1 0.1 0 NID 2 2 0

I ', mar iii-i/u 10 10 10 0 6.9 0.8 1.3 0.6 "' NtD 43 126 83'"
B, I' /J 9 3 , 2 t,.3 0.1 0.1 0 NI) I 2 1

(, r II II)I dil hl ,d

I I mpm/ulf tuqirayturr 10 10 10 0 34 17 20 3 NI) 4.5 5.2 0.7 ND 54 57 3 NI 0 o 0
(ur¢ Niq, /,, ii 9 9 10 I 9.2 0.6 1.0 0.1 ND 13 18 5 NI) 2 4 2 NID 0 0 0

Jjii/i iaeirit , ao,.sJd'oi 0 5 5 0 0 0.3 0.7 0.4 ND 6 i5 9

Site 3
I)s, rf shrubs
RtJbus chamnaemorus 9 9 0 1.6 2.5 0.9 16 68 52"'
l /dim pohiull 10 10 0 2.8 2.8 0 41 56 15

t, c. Cilllurri uliqinoo'l 6 7 1 0.5 0.5 0 4 13 9
1 U, itolom iiti-ijuca I0 10 0 0.5 0.5 0 25 43 18"'
Betilu nlfu 4 4 0 0.2 0.3 0.1 2 3 I

6ramuinoids
I riophoirun I uqirIatoitnI 10 10 0 19 2,j 1 4.2 4.8 0.6 22 32 10" 0 23 23'"
Carc\ biqlowii 7 7 0 0.5 0.5 0 7 11 4 6 2 --4 0 0 0
(alaatnrostis crt~idien is 7 9 2 0.4 0.8 0.4 0.4 18 11"'

Site 4
Dwarl shrubs

Ru/ri h t umemorus 10 10 0 4.8 7.9 3.1
"°  

51 162 1I1'
I (rdItn pU/jt Soc 10 10 0 0.6 1.3 0.7"' 20 24 4
I' r ijurn uliqilosuIn 10 10 0 0.5 1.1 0.6"' I 6 24 8'"'

Vaucirunim ritjs-idara 10 10 0 0.5 0.5 0 I 2 16 4
etulu ,aoa 4 6 2 0.2 0.2 0 1 2 I

Graminoids
I tiophortrn ru,iiona/toi 10 10 0 8 8 0 3.2 3.5 0.3 60 35 -25 0 14 14"'
Cure\ hiic/toii 4 4 0 0.3 0.6 0.3 3 S 2 28 73 1 0 41 .11
(.a/alnuqrost is (uarudeisis 0 0 0 0 0 0 0 0 0

Site 5
Dwart shrubs
Ruhtus (hrnucrmorus 10 10 0 1.7 3.9 2.2'' 23; 48 25""'
ed rnj a1 /isrv 8 10 2 0.5 I.J 0.6"', 10 21 II"'

,'U( ( if1in U/iinorqnM 10 1 0 0 0.5 1.2 0.7' 8 23 16
"
'

1,U( ioitrn i tisijLau 9 9 0 0.5 0.5 0 14 23 9

Betlu naoa 5 5 I 0.2 0.2 0 I 2 1
(raminoids
I itor/room vuqinaturwn 10 10 0 14 19 i4.0 4.A 0.4 15 I 3 0 17 I 7'
Car, % loq/, 'wii 7 8 I 7 0. 0. I 2 5 I I 5 .1 ( 0 0
(ulunuqrolis (unao'i/s 2 2 0 2 0.1 0 I I 0

*Number of I-mX I-m quadrats in which species occurs (o the 10 qiiadrats sampled at each site).
t Comparing 1978 and 1979 values with level of significance indicated.

** Density here refers to number of tussocks/m
2.

If Seedling aud tiller data not collected for species other than gram inoids (impossible to ditferentiate between seedlings and sprouts).
Only site 2 sampled in 1973.
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Table 4. Mean density values* (stalks/rn2) of flowering and/or
fruiting heads of cottongrass tussocks (Eriophorum Vaginaturn)
and bluejoint grass (Calomagrostis canadensis) in mid-July 1978
and 1979 following a July 1977 tundra fire in the Seward Peninsula.

_ _9"N_ _ I'1919 1)44l. h' N, r'l I7 ,I /W
Wei Si.d, k. llhli Ntd.chi. /978 ,pid1971i wnqiti utife

Site I I.S 1. 1 S9.6 37.6 s s.] 0.001

Site 2 4..i 4.9 .44.9 511.9 .40.4 0.05
site 3 5.3 41.7 22.4 3i.7 17.1 0.2
Site 4 2.0 2.6 22.1 20).S 20.1 0.01
sit 5 (,.8 8.2 38.i 25.7' 11.7 0.11

Site' 1 0.0 8.0 8.9) 8.0

Site 2 0.0 3.3 3.3
Site .4 0.0 4.(, 41.6

Site 0 0.0 S.1 5.1
Site 7 0.0 U-. 91.1 74.2

*Mean values for ten 1-mnx l-r plots at each of nine sites along the
topographic gradient o,' Nimrod Hill neir Imurul, Like.
I ests of signif iLdrt dfit terurices ndeC 1,1511g J ,i[L I-I 1d ites Irductd bs
probab, ittN let Cl .

or the ground surface, probablyi due to the mnell- a lpiniaL rwh'rr' ind net ted sv Iiloss Ni a/ retu
ing of ground ice This subsidence ot the ground ti/la) ss are loiin~int I xpost'd rio ks tin thlust'

Suirface around Supporting rock coIlumns result- I rost boils were ( It tre(I 551113 th 1'It hents A le
ed in miounds and hUtmmockS up; to 1 mn high (I ig ~ (aria ligricans. ( ('trwria cuti//11ala) 'nd ( far/ama

9). "shi h gave the appearance of frost-heaved gracilis, and the moss Rhm icaniriont lanuigiloO.
reic ks sumn (Table '))

Groundwater nmovement downslope. possibly The 1977 tire sev'rekl burned t his bi( Ih ind
fromn melting ice, on the bac:kslope. Was sUg- rit: 0t touS shrubl)t tiodrai oiitlit I itt le o)r no

gesteci by observatitons matde in I ut V 1979 of 1) resltraull flog Oft spet: as pre set helt re the1' tire01o

o:aarse mineral lamn of a ( loe and texture suilg- (Utrreil dorit, thet taunts log Iss(i S air, \ irtutill
gvsting ,it origin on the ba: Isslope 5V3i( h h~ad all \segelatioin ret( iter% tas ristlti trimn (it(

Issue(]l tramn the fooslao)e 113 several areas, and( 2) 13/lug br', uph't,Is gramiooiis indtl irhs (I ig .4)
shallass V'-sbapedl hannels w, hich were b~egin- One ,eatr after th1w lire the tilil Is\ nug tilit
ning to tortn3 on the faatsloua through U~rto( a ( o\i'r \vis 11)001 14% iitI is~ I%& iutiisi iuiaiol'

Subjsiclenue A( artlitg to Chapin at al (1979] the itt seeadling~ griioiiis IK ares higolma/t~t i nd
bright green ( olar of the ( ottatngraiss ttlsso( Iss o I trioaphortini %aguititui aindi br\, )pho, It's

nie 13t (table 7), I ig ti113 1(1( Idit un t hartf ss itt 'nit 1II

(oloieos at niotlossring and] shitt sttiwdtii

Vegt (aion blutetaint grass ainde somte s ,ittereil mi(1khis ills
Prior toi the, V)77 fire, the hint h and aem Ma ((us ut f rksseed 113e (itis u)t tt i'linatu 1w

shrub3 lUndtri (oniluinity ((1 the NinIirOd Hill banked trril lils reint-ud i Onuilt'tv'slb tuiiL
hatk slope (sill's 0 indI 71 was tioni led hi, tated, k% lbh i onisii uotts rn,) k s andui 'sp~i, is in

dssaort sh~rubs suit h as bluebanrrv tlwant birt13.aalsiatIm ks h13uturilihs htt
linguttnlenns atnd Labrador Iva, b\' (,ires Jhi/,' trost bouneu l Iig 11 Ii( he l iitil ,its ()nth
lovti, and] h,I hartns soc h as C (otraria cue a//i, siirilos at thetsi' boils atr, it,%\ idiiluuls it

C is/aineica, ( /.Weonid geni/ is andc C raingiterint ( hit1 k\tvt'il Nli'//ii /Origpiwsi %\iniuxiti s

lTable, 5) (On the' topls ct thie wetllvigitttd, tort lind Ilueltilol grass it sit(, 7 1l i'111 )
banked feast hails within this aonuniunivth 11e'l'ssu flit, tirst 'Intl set midi tits iilO% ini,

clssarf shruhs. alpirne be'arhi'rr, (Areuas1,iphi,/os the lure., tlion' %%is a l)rg'it Hi s ro Iw I log11X tlant
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Figure 9.Small It). ,-m-diam and 0.7-rn-high) mound in birch and ericaceous shrub tundra community on
the back slope of Nimrod Hill, probably resulting from subsidence of the ground surface around rocks.
Note tearing of the organic mat and abundant fireweed and bluejoint grass (back ground) and sedge
seedlings (foreground.

_over in the non-frost-boil areas: from about expansion of the chickweed and Minuartia rossii
14% cover in 1978, to 55% in 1979, at both back- populations at site 7. On!' at site 7 (Table 5) was
slope sites (Fig. 4, 9, 10 and 12). This increased there any evidence of the resprouting of the

over was due almost entirely to the growth and dwarf shrubs abundant before the fire, here
expansion of the species which colonized the blueberry showed a few resprouting shoots in
site during the first year following the fire (Table four plots.
5, Fig. 11 and 12) The moss, Ceratodon purpur-
eus made a 400% increase from about 8% cover Sedge-shrub tundra (site 8 and 9)
in 1978 to 40% cover in 1979. bxpansion,
through tillering, of the Cares bigeowii seed- Soils
lings, established in 1978, was also striking (Fig. 9 On the level, upland crest of Nimrod Hill (site
and 10) There was also a conspi uous increase 8) and onto the northeast-facing backslope (site
in the density and cover of bluetoint grass to- 9), the soil moisture environment is very poorly
gether with in reased height growth and flower- drained. The only frost features at sites 8 and 9
ing of this species Whereas no flowering and/or are low-centered polygons on the level hill crest
fruiting stalks of bluejoint grass were seen in of site 8 In pre-f ire 197 1, there was a fairly thick
1978, almost all shoots were reproducing by accumulation of organic material at both sites.
179 (Tahle 41. Signifk ant inc reases in the den- 10-3 c, (m at site 8 and 20-10 cm at site 9 Mu h
sity and flowering of fireweed also occurred dur- of this thickness was attributed to the buildup ot
ing the se ond year and a few individuals of Sphagnum moss mats at both sites Burning at
marsh fheahane (Senecio congestus) were l)resent these sites in 1977 was quite patchy (Fig 1 1),
for the first time with the Sphagnum moss mats generally remain-

In 1979, the tops of the frost boils remained ng unburned but apparently scorched and dead
hare mineral soil and ro k esx ept for the slight as suggested by their tan ( olor and dryness two

13
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IV

I igure 1 0. Vertical closeup of plot I at site 7in a buorned bf1irch iand ericai( cou s hrub tijorri ofiioliijit Oi

Nimnrod Hill ti4() tears after the tundra fire. Note abundant tillering seedlings of ( are\ Ibige-Ios% mi ireed is

also '.isihie in lo" er rig'ht corner of the pint

-. - -i. 'A

41
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ea r s atft er t he t Ire At site 9), there were ( bairredi to a lesser extenit I riophoriun scheuc hier) at site
arid more dleeply burnetd por kets buecti juoss 1 (F I g I ij, w111( hi rear lied ( Over \/,ILues% Ot about
huiirnim ks. %%shere ab~ouit I t in ut the orgaini 21%, near the( pre fire level ot abhout W1% FIig 4,
horiion remniiiedj Ibhis suggested that tih' Ire I ablei 0) Both (Iwart biro h anid bilueberry- were
illilt of the toip 10 t1 iii Ot this hiiriiuii "5is iirih- tfairly Importaint it siftes 8 aun( 9) before the tire-
.11115 related to tihe steri burniing ot the nlwart hut shoiwted little' or no r(si-s;Irting (hiifng the
shrubs InI theSi' pot ketS Blurninig it sitie 8 was ap- tollowing two years ( r(Iwlirr5 was also present

parentlv less severe hut ailso uneven Post-tire at hoth sites before the fire hut showed no sign
(lettrmuinations ot (irgai( hori/on thit kness var- ot post-tire re overy I he deadt Sphagnum maits,
ied tronm 15- Mt (m. suggesting the removal of iaiparently killed hy the heat from the tire or by
fromi 5- 1 -5 m II o the organii hori/on the removal of Moisture, aliso showed no sign of

I ha%% detpth,, were signitioaiitly greater one( rei overy IFew spen ins, with the em~ eption of
sea r atfter tlht fire (-1978) than before' the tire (loudherry, were seen to resprou t Out Of these
(197 11 at site 8 on the level hill ( rest, having inI- mnats at site 9 1 ireweed is the only viscular plant

reastnl hy 7 0 ( in or 32% (1 able I1) A turther in- spe( ies at sites 8 aind 9) that was not sampled
rease in th,'w ing ofIt 1 1 51 cm 17%) took pla( e there hefore the fire

here- during the set ond year tollowing the tire,
At site (9. on the northeast-fac Ing bat kslope, lit-
Il' or noui nn rease in thaw depth was ohservid DISCUSSION AND CONCLUSIONS

oiver pre-tire depths during the first yeair tollow-
Ing the tire- FHowsever, an inc rease oit I1 tf (1 Fn romi the above results, It Is l ear that the 1977
(47t,) i0( (Urred (diring the se( ond] year Raid tire had difterent eftec ts on eac h of the three
post-tire, t ha ing at site ) mnay have been iiihih- tundra n ommunit ies located along the slope of
ted hs the largev scnor( hed Sphagnum iiiats N imirod H ill Although the results are prel imi-

nary and based on only two years of post-t ire re-
Vegetation ( overy data, sonme similarities and differences

Pre-t ire vegetation (197 1) at both sites, 8 and 9with respec:t to the effects and role of fire in
ss as ta irly similar in that dwarf shrubs, sedges these three communities can be discussed. Cer-
anrd Sphagnum iiiosses were Imiport ant ( I ahlts 2 taiin of the ( hangt's resulting f roni fire a long the
anid i) FHow-ever, the wetter le-vel hillfop (site 8) gradlient of Nimrod H1ill are summarized in Fig-
(ii i tinLn ity wsas dlonminatted by single-stt'mmed uire 14
sedges I( ares aquatilis and I riophoruni scheuch- The sedge tussock-shrub community on the
leril. while at site 9) dwarf shruhs. werte ( lt'arly footslope of Nimrod H ill appears to have been
dlom inant (Iahlt' 6) 1te prt'seine o'(f low- en- least affected by the fire in terms of the severity
ttred piolygonis and t hi' cihsi'i(v of slope' dra in- of burning, change in thaw depths and post-f ire
age at site 8 Miay ar ( Mint tfir this shift in domin- revegetation The severity of burning here was
anc( I [ittlt' vegetation re overy ( less than 10t) light to moderate, and thaw depths did not in-
( ( tirrt'n at either site one, ytear after the tire crease by more than 10-15 cm during the follow-

( I ablte 2. F ig 4) Most of the dwarf shrub spet: it's Ing two years (Fig. 14). Initial revegetation fol-
prtestent before the t ire had started toi rt'sprout at lowing the fire appears to be almost completely
both sites. W ith ( ILtdht'rry ( early the most pro- due to the vegetative resprouting of the vascular
ito liable 6) ( arex aquatilis showed limiitted re- plant species present before the fire Hence,
sprouting at both sites, while both (eratodon much of pre-fire species compiosition is ap-
pturpureus and Marchantia polvmorpha werte oc- parently restored fairly quickly, although little

asional at site 8 and] rare at site 9) lichen and moss recovery has taken place during
lII ( ontrast with this small first year Iret oivery, these first two years. The relative importance of

a largel Ii -25)%) in( nease in plant r over ro( I urrenl graminoid tussocks over dwarf shrubs has signif i-
dluring the Ner: Intl ye'ar (1979) as a result of the cantly increased as a result of the fire This is
Mn r elerated rt'sprouting of dwarf shrubs at both due to the almost immediate post-fire resprout-
sites aindol i the sedlges ait site 8 Of the shrubs, Ing of cottongrass tussocks in 0 ontrast with the
lonilberrv showed a three- to f ivt'-fold In( rease relatively slow resprouting of dwarf shrubs

in (o\ er and reat htd levtels equal to thoste be- A model showing post-fire sun ( essional
forte thr' fire Blueberry also showed a more rapiid hanges in tussock-shruib tundra is, proposed in
rt'oovery bere' than ait tither sites along the fran- I igum' 15 After some unknown interval of time,
set t IHowever, by far the' large'st in( rease in de'n- the dwarf shrubs and mosses would teventually
sity and (over was made by Carex aquatilis (and grow up around the cottongrass tussocks, result-
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